OBJECTIVEdTo assess the efficacy and safety of 32 mg naltrexone sustained-release (SR)/ 360 mg bupropion SR (NB) in overweight/obese individuals with type 2 diabetes with or without background oral antidiabetes drugs.
T ype 2 diabetes is a chronic disease characterized by elevated blood glucose and is often associated with a collection of metabolic abnormalities including low HDL cholesterol (HDL-C), elevated triglyceride concentrations, and high blood pressure. Excess body weight, particularly visceral adiposity, may contribute to the development of both diabetes and the associated metabolic abnormalities, perhaps due to pathologic effects of excessive adipose tissue (1) . Based on the National Health and Nutrition Examination Survey (NHANES) data from 1999-2010, the combined prevalence of overweight and obesity in the U.S. is 69% (2) , while the prevalence of overweight and obesity in people with type 2 diabetes has been estimated to be even higher at~85% (3) . Survey and clinical trial evidence supports a strong association between obesity (characterized by a BMI $30 kg/m 2 and central adiposity) and the development of insulin resistance, prediabetes, and type 2 diabetes (4).
In patients with type 2 diabetes, the best achievable glycemic control for the individual is recommended to reduce the risk of microvascular and possibly macrovascular disease. While lifestyle modifications can improve glycemic control, most patients with type 2 diabetes will typically require the sequential addition of one or more medications to achieve and sustain glycemic control. Unfortunately, many glucose-lowering medications lead to an increase in body weight (5) . This presents challenges in an overweight or obese patient population often already struggling with weight control, particularly given that even modest intentional weight loss can improve cardiovascular risk factors (6, 7) and decrease mortality (8) .
Bupropion is a dopamine and norepinephrine reuptake inhibitor approved for use in the U.S. as an antidepressant and smoking cessation agent (9, 10) , with variable and modest effects on body weight as monotherapy (11) . Naltrexone is an opioid receptor antagonist approved for use in the management of alcohol and opioid dependence (12) . Animal studies suggest that when used together, bupropion and naltrexone increase the firing rate of proopiomelancortin neurons, in part due to naltrexone-induced reduction of an autoinhibitory effect of b-endorphins (13) . Increased proopiomelancortin neuronal firing increases secretion of melanocortins such as a-melanocyte stimulating hormone, which is thought to mediate anorectic effects and regulate energy balance (14) . Furthermore, naltrexone and bupropion therapy are believed to influence the mesolimbic dopaminergic reward system, which can modulate reward behaviors such as food intake (14, 15) . Thus, this novel combination treatment is believed to act on the central nervous system to elicit sustained appetite reduction and enhance control of eating behavior.
While the development and clinical use of bupropion and naltrexone have spanned more than two decades, only recently have studies investigated the combined use of these agents in sustainedrelease (SR) form as a potential therapy for obesity. All three phase 3 trials of naltrexone SR plus bupropion SR (NB) in overweight or obese patients without diabetes demonstrated significant weight loss with an acceptable safety profile (16) (17) (18) . This report details a 56-week, double-blind, placebo-controlled phase 3 clinical trial of NB for the treatment of overweight or obese patients with type 2 diabetes.
RESEARCH DESIGN AND
METHODSdThis 56-week, randomized, double-blind, placebo-controlled study was conducted at 53 sites in the U.S. between May 2007 and June 2009. The protocol was approved by each site's Institutional Review Board. All patients provided written informed consent, and the study was conducted according to the guidelines and principles of Good Clinical Practices standards and the Declaration of Helsinki (19) .
Participants were smoking or nonsmoking men and women with type 2 diabetes, aged 18-70 years, with a BMI $27 and #45 kg/m 2 , HbA 1c between 7% (53 mmol/mol) and 10% (86 mmol/mol), and fasting blood glucose ,270 mg/dL. Participants were either not taking a diabetes medication or were on stable doses of oral antidiabetes drugs (OADs) for $3 months prior to randomization. Systolic and diastolic blood pressure were to be ,145 and ,95 mmHg, respectively. Most medications for the treatment of dyslipidemia and hypertension were allowed, as long as the doses were stable for at least 4 weeks prior to randomization. A complete list of inclusion and exclusion criteria is provided in the Supplementary Data.
Participants were randomized via a computer-generated randomization schedule in a 2:1 ratio (stratified by baseline HbA 1c [#8 or .8%; #64 or .64 mmol/mol] and sulfonylurea use) to 32 mg/day naltrexone SR combined with 360 mg/day NB or placebo. NB was provided as a single tablet containing 8 mg naltrexone SR and 90 mg bupropion SR. Study medication was initiated at one-quarter of the daily maintenance dose (one tablet) and increased weekly over the first 4 weeks such that the maintenance dose (2 tablets twice daily) was reached at the beginning of the fourth week. At week 2, participants received a telephone call to assess compliance with study medication and to document adverse events. Participant assessments were undertaken at screening, baseline, and every 4 weeks thereafter.
At baseline and weeks 4, 16, 28, and 40, all participants were instructed by study site personnel to follow a hypocaloric diet (500 kcal deficit/day, based on the World Health Organization algorithm for calculating resting metabolic rate). Participants received dietary counseling and the "Exchange Lists for Weight Management" booklets in accordance with the American Diabetes Association and American Dietetic Association guidelines. Participants also received advice on behavioral modification, including written instructions, to increase physical activity (to walking for at least 30 min most days of the week).
Participants were instructed to monitor their blood glucose twice daily for at least the first 4 weeks after randomization and during suspected hypoglycemia. In the case of loss of glucose control, defined as HbA 1c .9.5% (80 mmol/mol) at week 16 or subsequent visits, any postbaseline HbA 1c $10.0% (86 mmol/mol) or two or more successive postbaseline fasting glucose levels $270 mg/dL, the participant's dose of current OADs was to be increased (if not at maximal doses) or an additional OAD was to be added using a protocoldefined algorithm.
Outcome measures
The coprimary end points were 1) percent change in body weight from baseline to week 56 compared with placebo and 2) percentage of participants achieving $5% reduction in body weight from baseline to week 56 compared with placebo. Secondary end points included percentage of patients achieving $10% reduction in body weight and change in selected cardiovascular risk factors including waist circumference, triglycerides, HDL-C, LDL-C, and high-sensitivity C-reactive protein (hs-CRP). Secondary end points related to glycemic control included change from baseline in HbA 1c , fasting blood glucose, fasting insulin, and homeostasis model assessment of insulin resistance (HOMA-IR), as well as the percentage of patients achieving HbA 1c ,7% (53 mmol/mol) and ,6.5% (48 mmol/mol), changes in OADs, percentage of patients requiring rescue medications for their diabetes, and percentage of patients discontinuing from the study owing to poor glycemic control.
Safety assessments included evaluation of treatment-emergent adverse events, vital signs, electrocardiograms, and clinical laboratory measures. Depressive symptoms, evaluated using the Inventory of Depressive Symptomatology-Self Report (IDS-SR) (www.ids-qids.org) and blood pressure were also evaluated for both efficacy and safety.
Statistical analyses
To obtain the targeted number of participant exposures at 1 year, we estimated that 350 participants would need to be randomized to NB, with an assumed 33% attrition rate (20) . It was estimated that 525 participants randomized 2:1 (;350 to NB and ;175 to placebo) would provide ;99% power to detect a difference in mean weight loss of $5% between NB and placebo (assuming an SD of 5%, comparison between groups using a two-sample t test and two-sided significance level of 0.05).
Unless otherwise specified, primary efficacy analyses were performed using the modified intent-to-treat (mITT) population, prospectively defined as randomized participants with a baseline and one or more postbaseline measurements of body weight while on the study drug. Missing data were imputed by carrying forward the last observation on study drug (last observation carried forward [LOCF] ). Analyses were also performed on the completer population, which comprised all mITT patients who had a body weight measurement at week 56 while on the study drug. Safety analyses were performed on all randomized participants who took one or more tablets of the study drug and had at least one contact or assessment with the investigative site at any time after beginning the study.
General linear models (ANCOVA) including terms for treatment, HbA 1c strata #8 or .8%, pharmacotherapy with or without sulfonylurea, and baseline value as covariate were used to analyze continuous end points. Categorical end points were analyzed with a logistic regression model using the same covariates as the continuous end points. To minimize skewness, values for triglycerides, hs-CRP, insulin, and HOMA-IR were log10 transformed before running the general linear models. The least squares (LS) percent change from baseline was calculated by back-transforming the LS mean in log10 scale.
To control for multiple comparisons, secondary end points were analyzed in a predetermined sequence, beginning with the change from baseline to end point in HbA 1c , fasting triglycerides, HDL-C, blood glucose, and waist circumference; proportion of participants with $10% decrease in total body weight; proportion of participants with HbA 1c ,7% (53 mmol/mol); proportion of participants requiring rescue medications for diabetes or changing the doses of their OADs; changes from baseline to end point in HOMA-IR and fasting insulin; proportion of participants with HbA 1c ,6.5% (48 mmol/mol); changes from baseline to end point in hs-CRP; percentage of participants discontinuing owing to poor glycemic control; and changes from baseline to end point in LDL-C, systolic blood pressure, diastolic blood pressure, and IDS-SR total score. Testing proceeded in a sequential step-down manner until any end point failed to reach P , 0.05, after which nominal P values are reported and findings deemed exploratory. Continuous data are presented as LS mean 6 SE unless otherwise indicated. All statistical analyses were performed using Windows SAS, version 9.1 (SAS Institute, Cary, NC).
RESULTSdOf 1,625 patients who entered screening, 505 were randomly assigned to receive NB (n = 335) or placebo (n = 170). The most frequent ($5%) reasons for screen failure were laboratory abnormality (58%, including HbA 1c ,7 or .10%), concomitant medication (7%), vital sign abnormality (5%), and withdrawal of consent (5%). For NB, the mITT, completer, and safety populations included 265, 175, and 333 patients, respectively. For placebo, the mITT, completer, and safety populations included 159, 100, and 169 patients, respectively (details in Supplementary Fig. 1 ). Baseline characteristics of the randomized and the mITT populations were similar (Table 1) . Over the 56-week trial, 47.8% of participants in the NB group discontinued the study drug compared with 41.2% in the placebo group. A greater percentage of participants who received NB compared with placebo discontinued owing to an adverse event (29.3 vs. 15.3%). Conversely, a greater percentage of placebo than NB participants were lost to follow-up (8.8 vs. 6.6%), withdrew consent (8.8 vs. 6.3%), or withdrew because of self-perceived insufficient weight loss (3.5 vs. 1.5%).
Participants treated with NB lost significantly more weight than placebotreated participants (mITT analysis: 25.0 6 0.3 vs. 21.8 6 0.4%, P , 0.001) (Fig. 1A) . The difference between the groups was significant at the first time point assessed (Week 4) and sustained throughout 56 weeks of treatment (P , 0.001 for all visits). A similar pattern was observed in the completer population, with numerically greater weight loss relative to the mITT population seen in both NB and placebo patients (completers: 25.9 6 0.5 vs. 22.2 6 0.6%, P , 0.001) (Fig. 1B) . Consistent with the mean percent changes in body weight, more patients treated with NB than placebo achieved $5 and $10% reduction in body weight at week 56 (all P , 0.001) (Fig. 1A and B).
Patients treated with NB exhibited a greater improvement in HbA 1c (20 Data are means 6 SD unless otherwise indicated. Percentages may not add up to 100 owing to rounding. †A significant difference between treatment groups existed for race, although the % of white patients did not significantly differ between treatment groups. There were no significant differences between placebo and NB treatment arms (randomized and mITT) for any other baseline/demographic value. † †Diagnosed at baseline with dyslipidemia, hypercholesterolemia, hypertriglyceridemia, hyperlipidemia, or low HDL-C or had at least one of the following values prior to first dose of study drug: triglyceride $200 mg/dL, LDL-C $160 mg/dL, total cholesterol $240 mg/dL, and HDL cholesterol ,40 mg/dL. † † †Sulfonylurea medications included avandaryl, glibenclamide, glimepiride, glipizide, and tolazamide; thiazolidinedione medications included avandaryl, pioglitazone, rosiglitazone, troglitazone. Fig. 2 ). Changes in fasting glucose concentration and HOMA-IR were not significantly different compared with placebo (Table 2) . Over the course of the study, fewer NB-treated patients required an increase in dose or the addition of another OAD owing to deterioration of glycemic control (22.3% NB vs. 35.2% placebo; P , 0.01). Because alterations in medications for diabetes can obscure the impact of treatment on glycemic-related secondary end points, an exploratory analysis was performed to investigate changes in glycemic parameters accounting for rescue medication by carrying forward the last observation prior to introduction of the rescue medication. In this analysis, larger placebo-corrected improvements in HbA 1c (20.7% [7. 7 mmol/mol]; P , 0.001) and fasting blood glucose (217.5 mg/dL; P , 0.001) were observed; differences in fasting insulin and HOMA-IR were not significant between NB and placebo groups (Supplementary Table 2 ).
This study also examined the effect of NB treatment on cardiovascular risk factors. Compared with placebo-treated patients, NB-treated patients had significantly greater reductions in waist circumference and serum triglyceride concentration and significant increases in HDL-C concentration (Table 2) . No significant differences were observed between the groups in LDL-C or hs-CRP. Systolic and diastolic blood pressure tended to be reduced from baseline in both NB and placebo-treated patients, with numerically but not statistically greater reductions in placebo-treated patients (Table 2) .
Safety and tolerability
The most common adverse events that were more prevalent in the NB-treated patients were nausea, constipation, vomiting, and diarrhea (Table 3) . Nausea led to study withdrawal in 9.6% of NB-treated patients, with the vast majority (28 of 32) of these withdrawals occurring as the result of nausea with an onset during the first 4 weeks of treatment. Adverse events that led to medication discontinuation during the first 4 weeks of treatment were the primary reason that relatively fewer randomized NB patients were included in the mITT population. Nausea occurred at a greater incidence in NBtreated patients taking metformin at baseline (46.2%) compared with those not on metformin (28.2%). The incidence of subjects with serious adverse events was low (3.9% for NB and 4.7% for placebo) Figure 1dA : Body weight change from baseline in the mITT LOCF population. Data are LS mean 6 SE. Placebo, n = 159; NB, n = 265. ***P , 0.001 vs. placebo; except for change from baseline to week 56 end point for mITT LOCF population, P values are nominal (i.e., not adjusted for multiple comparisons) and associated with exploratory analyses. B: Body weight change from baseline to week 56 end point; placebo, n = 100; NB, n = 175. ***P , 0.001 vs. placebo; except for $5% weight loss category for the mITT-LOCF care.diabetesjournals.org DIABETES CARE, VOLUME 36, DECEMBER 2013 4025 and similar to that previously reported for patients without type 2 diabetes (16) (17) (18) . Analyses were performed to examine the percentage of patients who had blood pressure and pulse rate increases that met prespecified criteria (Supplementary Table 3 ). The proportions of patients who had increases meeting these criteria were similar between groups but tended to be numerically higher in the NB treatment group. Importantly, #1% of patients in each treatment group had a systolic or diastolic blood pressure value corresponding to stage 2 hypertension ($160 mmHg or $100 mmHg, respectively [21] ) for two consecutive visits at any time during the study (or once if it occurred on the last visit).
Effects of NB on depression and mood was examined using the IDS-SR questionnaire and adverse event reports. At baseline, mean IDS-SR total scores in the safety analysis set were similar in the NB and placebo groups (8.1 and 7.7, respectively; scores can range from 0 to 84, with higher scores indicating more severe depression; ,14 = nondepressed). At end point, the LS mean 6 SE change from baseline in the total score was 0.53 6 0.37 for NB and 21.41 6 0.49 for placebo (P = 0.001). IDS-SR scores of $25 (indicating moderate depression) at any time during the study were observed in 6.2% of patients receiving placebo and 7.2% of NB-treated patients (NS). There were no differences between NBand placebo-treated patients in incidence of adverse events of either depression or depressed mood during the study (Table 3) .
CONCLUSIONSdTreatment of overweight or obese individuals with type 2 diabetes with NB resulted in a 5.0% reduction in body weight, compared with a reduction of 1.8% with placebo. Patients treated with NB were more than twice as likely to lose $5% of their initial body weight as patients treated with lifestyle intervention alone. The weight loss in the NB-treated group was evident as early as the first visit (week 4), and was maintained for the 56-week period, with no evidence of weight regain. This weight loss was accompanied by a significant reduction in HbA 1c (placebo-corrected difference 20.5%) along with other favorable glycemic effects. Modest improvements in waist circumference, HDL-C, and triglycerides were also observed. The most frequently reported adverse event with NB was nausea.
Adipose tissue is an active endocrine and immune organ whose dysfunction contributes to metabolic diseases (e.g., diabetes) and increases cardiovascular disease (22) . Thus, the objective of weight loss in overweight patients with metabolic disease is not solely cosmetic but also to improve the health of patients. In terms of Baseline values are mean 6 SD; change values are LS mean 6 SE unless otherwise indicated. Data are for the mITT population, week 56 end point. †Baseline values are geometric mean 6 SD; percent change values are LS mean percent change (95% CI); P values are based on log-transformed values. *Secondary end points that were significant according to the prespecified sequential closed testing procedure conducted to correct for multiple comparisons.
population, P values are nominal (i.e., not adjusted for multiple comparisons) and associated with exploratory analyses. C: Change in HbA 1c from baseline to week 56 end point; placebo, n = 137; NB, n = 222. **P , 0.01 vs. placebo; ***P , 0.001 vs. placebo; the mITT LOCF population consists of patients who had a baseline measurement and at least one postbaseline measurement while on study drug. The last observation on study drug was carried forward. The completer population comprised all randomized patients with a baseline measurement and a 56-week measurement while on the study drug.
clinically meaningful weight loss, human studies suggest that 5% weight loss significantly improves glucose control and other cardiovascular parameters and results in reduced mortality in patients with diabetes (6) (7) (8) . This magnitude of weight loss has also been associated with a delay in the progression to type 2 diabetes in patients with prediabetes (23) (24) (25) . The magnitude of weight loss (both absolute and placebo corrected) in the current study of overweight and obese individuals with type 2 diabetes was lower than that observed in NB trials in patients without type 2 diabetes. In the COR-I and COR-II studies (16, 17) , which used a lifestyle intervention similar to the current study, mean body weight changes (mITT) were 26.1 and 26.4% with NB vs. 21.3 and 21.2% with placebo. In the COR-BMOD study (18) , which included a more intensive, group-based lifestyle intervention, mean mITT body weight changes were 29.3% (NB) and 25.1% (placebo). The somewhat more modest weight loss in the current study is not surprising, as it is typical that less weight loss is observed in patients with diabetes taking OADs compared with patients without diabetes (26, 27) . While the reason for the attenuated magnitude of weight loss in patients with diabetes is not well understood, it may relate to differences in insulin resistance, adipose cell metabolism, concomitant medications for the treatment of diabetes, and glucose metabolism. Nevertheless, of study participants who completed 1 year of treatment, more than one-half of NB patients lost $5% of body weight and more than one-quarter achieved $10% weight loss.
Consistent with the observed improvement in body weight, NB-treated patients exhibited clinically and statistically significant improvement in HbA 1c and generally beneficial changes in other markers related to glycemic control. The extent of reduction in HbA 1c (20.5% [25.5 mmol/mol] vs. lifestyle intervention alone) compares well with the reported efficacy of several drugs currently used for treating diabetes (28) . The magnitude of reduction was even greater in patients with higher baseline HbA 1c values. This degree of improvement is meaningful in relation to long-term risk for microvascular complications and may contribute to a favorable environment with regard to macrovascular complications (29) (30) (31) (32) . The clinical impact of the HbA 1c reduction with NB was demonstrated by the fact that patients on placebo were more likely to require an increased dose or number of OADs to maintain glycemic control (which lessened the apparent treatment difference with NB on both HbA 1c and fasting glucose) (Supplementary Table 2 ).
NB treatment was also accompanied by improvements in a number of additional markers of cardiovascular risk, such as waist circumference, triglycerides, and HDL-C. In normoglycemic obese patients, weight loss with NB treatment has been demonstrated to be largely due to reductions in subcutaneous and visceral adipose tissue (33) , the latter of which is associated with improvements in glycemia and lipidemia (34) (35) (36) . Thus, treatment with NB in overweight/obese patients with (and without) diabetes was associated with an improvement in the cardiovascular risk profile. However, bupropion has a documented pressor effect (37, 38) that was associated with a numerically, but not statistically, greater reduction in blood pressure in the placebo group compared with NB. Although the hemodynamic effects of NB were demonstrated to be small and transient, the overall cardiovascular effects of NB could not be adequately assessed in the NB phase 3 clinical program because the patient population had an extremely low CV event rate (~0.2/100 patient-years). In order to assess the clinical effect of the NB-related improvements in weight and other cardiovascular risk factors, along with the documented pressor effect of buproprion (a transient elevation in pulse rate and blood pressure), a cardiovascular outcomes trial of NB is currently ongoing (clinical trial reg. no. NCT01601704, clinicaltrials.gov). This outcomes trial is designed to assess the incidence of major cardiovascular events in patients receiving NB compared with placebo.
The safety profile of NB in this population was generally consistent with the phase 3 trials conducted in patients without type 2 diabetes (16) (17) (18) . Importantly, NB was not associated with an increase in hypoglycemia. The safety profile of the two agents used in combination is also similar to the postmarketing surveillance data available for the two agents used individually. The most common adverse event reported with NB was nausea, which led to withdrawal in ;10% of NB patients. Much of the patient withdrawal occurred within the first 4 weeks of treatment, during which patients started treatment at a lower initial dose and were required to escalate weekly. Patients unable to tolerate the study medication were discontinued from study drug treatment. The rate of nausea in NB-treated patients in the current study (42%) tended to be higher than previous phase 3 studies (29-34%) (16) (17) (18) . This may be related to interaction with the background medications used by patients with diabetes in the current study, as NB-treated patients taking metformin (;75% of the population) reported a higher incidence of nausea than those not on metformin. This result was not unexpected, as gastrointestinal side effects are commonly associated with metformin treatment (39) .
Limitations of this study include the exclusion of patients with type 2 diabetes who were receiving insulin therapy (40) , it should be considered when evaluating the treatment effect. Finally, the 1-year study duration, while common, is not adequate to fully assess the consequences of improved body weight on long-term outcomes.
The current epidemic of obesity and obesity-related diabetes continues to be of increasing concern. Unfortunately, a number of the drugs used to treat diabetes are associated with weight gain, and new approaches to prevention and treatment are needed. In this study of overweight/ obese patients with type 2 diabetes, NB treatment, in conjunction with a standardized lifestyle intervention, resulted in a clinically meaningful improvement in body weight, which was associated with improvement in HbA 1c and other cardiovascular risk factors. Thus, a combination drug such as NB has the potential to become a useful agent for the treatment of overweight/obese patients diagnosed with prediabetes or type 2 diabetes.
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